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Current practice guidelines recommend repair of asymptomatic abdominal aortic aneurysms once they reach the
5.5-cm-diameter threshold and are based on information from randomized controlled trials. However, because aneurysms
are more common in men, women are under-represented in these trials, and questions persist about whether this repair
threshold should apply to them. In addition, women have smaller aortas to begin with and in most aneurysm cohorts are
older, havemore atherosclerotic risk factors, are less likely to be anatomic candidates for endovascular repair, and do poorer
after emergency or elective repair of their aneurysm. These are just some of the issues that our discussants address in
determining whether the repair threshold should be at a smaller diameter for women. (J Vasc Surg 2014;60:1695-702.)PART I: EVIDENCE SUPPORTS REDUCING
THE THRESHOLD DIAMETER TO 5 CM FOR
ELECTIVE INTERVENTIONS IN WOMEN WITH
ABDOMINAL AORTIC ANEURYSMS
Ashley K. Vavra, MD, and Melina R. Kibbe, MD,
Chicago, Ill
The decision of when to repair an asymptomatic
abdominal aortic aneurysm (AAA) is based on the risk of
aneurysm rupture compared with the risk of surgical repair.
Although multiple clinical risk factors can inﬂuence the risk
of rupture, the maximum diameter of the aneurysm has
been shown to be the most consistently predictive measure
of rupture risk. Because women have smaller aortic diame-
ters than men, should the diameter threshold for aneurysm
intervention be different for women and men?
To address this question, we present the argument that
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://dx.doi.org/10.1016/j.jvs.2014.07.022aneurysm diameter threshold for AAA repair for female pa-
tients. There is well-documented evidence that female pa-
tients not only have smaller aortic diameters but that
their AAAs also rupture at smaller diameters compared
with male patients and they have an increased risk of fatal
aneurysm rupture compared with men.1-3 Furthermore,
women experience higher mortality when undergoing
repair of an aneurysm rupture. Thus, at the current time,
evidence supports reducing the diameter threshold for elec-
tive AAA interventions in women to 5 cm.
DATA EXIST TO CHANGE THE DIAMETER
THRESHOLD
At what aneurysm size is the risk of early intervention
outweighed by the risk of rupture and death? This answer
is complicated by the difﬁculty in estimating the rupture
risk of aneurysms based on population studies, which vary
widely. To address this question, four randomized
controlled trials have been performed to determine whether
early aneurysm repair is beneﬁcial in patientswith small aortic
aneurysms. The UK Small Aneurysm and the Aneurysm
Detection andManagement (ADAM) trials randomized pa-
tients with small aneurysms (range, 4.0-5.5 cm) to surveil-
lance or early open repair, and the Positive Impact of
EndoVascular Options for Treating Aneurysms Early
(PIVOTAL; range, 4.0-5.0 cm) and Comparison of Surveil-
lance vs Aortic Endografting for Small Aneurysm Repair
(CAESAR; range, 4.1-5.4 cm) trials addressed surveillance
vs early endovascular repair in this patient population.3-7
All four trials concluded that surveillance was safe in pa-
tients with aneurysms <5.5 cm in size and that early repair
provided no short-term or long-term beneﬁt in the reduc-
tion of mortality from all causes or aneurysm rupture. As a1695
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society guidelines have both published level one recom-
mendations for repair of asymptomatic AAAs at $5.5 cm
if patients are of acceptable operative risk and for continued
surveillance for those with aneurysms sized between 4.0
and 5.4 cm.8,9 However, a caveat to this recommendation
in the European and American guidelines is that repair at a
maximal diameter of 5.0 to 5.4 cm may be considered in
female patients. Because none of the randomized trials
were powered to detect differences based on sex, both
guidelines avoid an ofﬁcial recommendation of repair at a
lower size threshold in female patients.
Part of the reason that the randomized trials did not
include enough female patients to make recommendations
in this patient subgroup is related to the prevalence of the dis-
ease, because two-thirds of AAAs occur in men.10 Yet, aneu-
rysms do occur in women, particularly those with a family
history, and women have smaller arteries than men. A recent
analysis of computed tomography scans of normal infrarenal
aortic diameters from participants of the FraminghamHeart
Study revealed that the average diameter was 19.3 mm for
men and16.7mm forwomen, 13% smaller.11 If a 13% reduc-
tion in the5.5 cmdiameter thresholdwereused todetermine
a new diameter threshold for women, it would be 4.8 cm.
Thus, it should be clear that a lack of data from large random-
ized controlled trials does notmean there are not convincing
data to support a lower diameter threshold in female pa-
tients.12 Because women have smaller aortic diameters at
baseline, why would anyone assume that an absolute
threshold value should be equally applied to both genders?
Common sense dictates otherwise.FEMALE PATIENTS RUPTURE AT SMALLER
ANEURYSM DIAMETER
There is evidence that female patients are at higher risk
for aneurysm rupture compared with male patients and
that when rupture occurs, it does so at smaller diameters in
women compared with men. This has raised concern that
early repair at smaller diameters may be beneﬁcial in this pa-
tient population. Of the randomized controlled trials for
early repair of small AAAs, the UK Small Aneurysm Trial
included the most female patients, at 188 (17% of the early
surgery group and 18% of the surveillance group).4 In a
follow-up analysis that included randomized and non-
randomized patients (465 female patients [20.6%]), the au-
thors reported a threefold increased risk of fatal aneurysm
rupture associated with female sex (14% female vs 5% male;
P ¼ .001) when adjusted for age, body size, and initial
AAA diameter.3 Women also ruptured at an average smaller
aneurysm diameter of 5.0 cm vs 6.0 cm for men.
Other studies support female sex as a risk factor for AAA
rupture.13-15 One cited explanation for an increased rupture
risk at a smaller aneurysm diameter for women is the smaller
overall aortic size (average 3-5 mm smaller than men),11
resulting in a larger relative dilation of the infrarenal aorta
in women with AAAs.2 Absolute aneurysm diameter may
also be less predictive of rupture risk in female patients.Some have suggested that the most important determi-
nate for rupture of an AAA in women is aortic diameter
indexed to body size; thus, the deﬁnition of aortic diameter
should also include body build.16,17 Lo et al18 evaluated
4045 patients undergoingAAA repair and found thatwomen
had smaller-diameter aneurysms and smaller body surface
area. The variable most predictive of rupture for men was
the aortic diameter; however, the variable most predictive
of rupture for women was the aortic size index, which is the
aortic diameter divided by the body surface area. Other pro-
posed explanations for the increased rupture risk in female pa-
tients include differences in aortic compliance between male
and female patients, a reduced forced expiratory volume in
1 second, smoking status, and hypertension.19 Regardless,
even when controlling for comorbidities, female sex is still
an independent risk factor for rupture, with smaller baseline
aortic size as one potential contributing factor.20
FEMALE PATIENTS DO WORSE AFTER AAA
INTERVENTION
As with any intervention, the beneﬁt to the patient, in
this case reduction in rupture risk and mortality, must
outweigh the risk of the intervention proposed to reduce
that risk. Female patients not only have a higher risk of
rupture from the AAA, but several studies have demon-
strated that female patients also have higher morbidity and
mortality after open aneurysm repair comparedwithmale pa-
tients.3,15,21-24 Part of the increased risk of repair for women
is that, on average, they present with AAA at a later age than
men. However, even when controlling for age and comor-
bidities, women face increased morbidity and mortality after
open repair, with odds ratios for 30-day mortality ranging
between 1.3 and 1.7.21 The exact reason for this is unknown
andmay reﬂect an absence of the protective effect of estrogen
in postmenopausal womenor the increased effect ofdor lack
of effective medical management ofdstandard cardiovascu-
lar risk factors for female patients.25
With the advent of endovascular repair and the associ-
ated decreased 30-day morbidity and mortality compared
with open surgery, one might expect that female patients
may then obtain a beneﬁt from early repair for smaller an-
eurysms if a minimally invasive approach is used. This has
not been the case, however.6,7 Multiple studies have
demonstrated inferior results for women after endovascular
repair compared with male patients.15,22,26-28 One explana-
tion for worse outcomes in female patients may be related
to anatomic features. Overall, women less frequently meet
anatomic criteria for endovascular repair compared with
men and are relegated to open repair.29
As noted previously, female patients typically have
smaller arteries that may make them prone to a higher
risk of rupture in the proximal (infrarenal neck) and distal
(iliac) seal zones, but they also have a higher incidence of
neck angulation.26,27,30 An increased incidence of endo-
leaks and late conversion also suggests that endovascular
repair may be attempted more frequently in female patients
who do not meet the device instructions for use (IFU) than
in male patients.21,31 Sweet et al32 showed that female sex
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Volume 60, Number 6 Vavra et al 1697was independently associated with decreased odds of
meeting all device IFU criteria, and this practice has been
associated with worse outcomes compared with following
IFU criteria.21,31 Perhaps with the advent of devices with
lower proﬁles and smaller diameters these outcomes will
improve, but that remains to be seen. Although it could
be argued that worse outcomes in female patients after
elective repair would make a case against repair at a smaller
size threshold, the outcomes after rupture are even more
dismal in female patients, and the risk of rupture at smaller
sizes supports consideration of repair in this patient popu-
lation at a smaller diameter threshold.
CONCLUSIONS
On the basis of the best evidence currently available,
the threshold for elective aneurysm repair in female patients
should be lowered. There is increasing evidence to support
that the parameters used to evaluate and recommend treat-
ment for male patients are not directly applicable to their
female counterparts.16 Although there are likely additional
factors that contribute to rupture risk in patients with an
AAA, currently, an absolute aneurysmal diameter is the
standard by which repair is considered. The normal aortic
diameter in female patients is smaller than in male patients.
If a relative dilation is considered, then an aneurysm diam-
eter of 4.8 cm in women is comparable to a diameter of
5.5 cm in men. Therefore, based on the size differential be-
tween men and women at baseline, a threshold of 5.0 cm is
reasonable for consideration of repair in female patients.2
Because the randomized controlled trial data are not pow-
ered to support a deﬁnitive recommendation for repair at a
smaller size threshold in female patients, the American and
European practice guidelines only recommend it as a
consideration in this high-risk population.
An argument against repair at a smaller size threshold
would be the increased morbidity and mortality with elective
repair in female patients compared with their male counter-
parts, a problem that is not unique to aneurysmal disease.18,33
Increased risk among female patients is likely due to a combi-
nation of decreased detection secondary to lack of uniform
screening recommendations for female patients at risk for
aneurysm development, presentation at an older age with
more advanced disease, and anatomic factors that appear to
contribute to an increased risk of aneurysm rupture and to
increased morbidity and mortality associated with repair in fe-
male patients. However, the outcomes with repair after
rupture are even worse, and given that female patients have a
higher rupture rate and at smaller diameters, this would argue
for elective repair in this population at a lower size threshold.REFERENCES
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REDUCING THE THRESHOLD DIAMETER TO
5 CM FOR ELECTIVE INTERVENTIONS IN
WOMEN WITH ABDOMINAL AORTIC
ANEURYSMS
Matthew J. Bown, MD, and Janet T. Powell, MD,
Leicester and London, United Kingdom.and I will do no harm or injustice to them (my patients)
dHippocratic oath
The management of patients with an asymptomatic
abdominal aortic aneurysm (AAA) is focused on the avoid-
ance of rupture, which is associated with very high mortal-
ity; therefore, decision making must balance the risk of
rupture against the risk of prophylactic surgery. To
correctly manage patients, it is therefore essential to quan-
tify these risks. Randomized trial evidence has demon-
strated that there is no beneﬁt in repairing an
AAA <5.5 cm by open or endovascular means.1
Although these trials were conducted in men and
women, as in most other randomized trials in cardiovascular
disease, womenwere under-represented.However, from the
trial with the highest proportion of women, women
appeared to be at increased risk of aneurysm rupture.2
Recent evidence synthesis from the RESCAN (RESurveil-
lanCe for small ANeurysms) project has conﬁrmed the
increased risk of rupture in women with a small (<5.5 cm)AAA compared with men.3 It is this ﬁnding that prompts
the question of this debate: “Should women be offered sur-
gery at a lower AAA diameter threshold than men?”
Answering this question requires knowledge of (1) the risk
of AAA rupture at speciﬁc diameters, (2) mortality after
open and endovascular repair at speciﬁc aortic diameters,
and (3) the proportion of women anatomically suitable for
endovascular repair, and then must be set in the context of
the proportion of women who are physiologically ﬁt enough
for any repair (Fig 1).
EVIDENCE IS BASED ON EXTERNAL
ANEURYSM DIAMETERS
Most of the evidence about the size at which the repair of
a small AAA (3.0 to 5.5 cm diameter in men and women)
may be beneﬁcial is based on the use of external diameter
measurements, whether by ultrasound imagingor computed
tomography (CT).1 The speciﬁcation of how aneurysm
diameter is measured is very important but not always re-
ported fully.4 For the purposes of this debate, we deﬁne
the reference diameter by anterior-posterior external diame-
ters measured by ultrasound imaging. Equivalent CT diam-
eters, which can be measured in other orientations, may be
larger than the reference diameter, whereas internal diame-
ters measured by ultrasound imaging will be smaller than
the reference diameter by 0.3 to 0.5 cm.5 Today in some
health care systems, it is becoming standard practice to use
inner-to-inner or leading edge-to-leading edge measures
for reporting AAA diameter: clinical decisions for patients
based on suchmeasurements shoulduse intervention thresh-
olds up to 0.5-cm smaller than external diameter thresholds.
GENDER-SPECIFIC RUPTURE RATES
Because the normal diameter of the aorta is smaller in
women than men, it might be anticipated that AAA
rupture would occur at smaller aneurysm diameters in
women. However, very little robust evidence is available
regarding the diameter-speciﬁc rupture rates of small
AAAs in women. There are no large prospective studies
of women with a small AAA with accurate ascertainment
of cause of death. Brown et al6 demonstrated a statistically
nonsigniﬁcant fourfold higher risk of rupture for women
with an AAA between 5.0 and 5.9 cm in a moderately sized
prospective study. The RESCAN data were gathered
mainly from prospective observational studies but do simi-
larly demonstrate that women with an AAA <5.5 cm diam-
eter have a fourfold higher rate of AAA rupture than men.3
However, this is based on a small number of rupture events
in men (178 events in 13,728 patients) as well as in women
(49 events in 1743 patients),7 with 28 of the ruptures in
women occurring in 480 women from a single study.8 In
RESCAN,7 women with an AAA between 5.0 and
5.5 cm had an annual risk of rupture of 2.97% (95% conﬁ-
dence interval, 1.59%-5.54%). The same estimate for men
was 0.64% (95% conﬁdence interval, 0.43%-0.95%).
These data suggest an increased rupture rate for
women with AAA diameters of 5.0 to 5.5 cm, but the lim-
itations of these studies, due to small numbers of events
Fig 1. Simplistic model of clinical decision algorithm for women with a small abdominal aortic aneurysm (AAA). Data
for operative mortality rates are based on Mehta et al,15 and rupture rates, surveillance rates, and times are based on
RESCAN data.7 EVAR, Endovascular aneurysm repair; OR, open repair.
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idence in this area. In addition, there is limited evidence
that statins may reduce the risk of aneurysm rupture but
strong evidence that the prescribing of statins is lower in
women than in men.9-12
GENDER-SPECIFIC OPERATIVE MORTALITY
RATES FOR ELECTIVE SURGERY
Women undergoing elective AAA repair are older than
men, and most of the evidence suggests that they have
worse operative and longer-term mortality rates than men
after elective AAA repair. This is likely to be true for
open surgical repair and endovascular AAA repair
(EVAR). For instance, for open repair, recent analyses of
large-scale databases from the United States have shown
that women (compared with men) have between a 1.3-fold
to twofold increased 30-day mortality.13 Similarly for endo-
vascular repair, women have a 1.7-fold increase in 30-day
mortality, with the absolute risk increasing by up to 2.2%.
These data are backed up by evidence from single-
center case series and meta-analyses of such series suggest-
ing that 30-day mortality rates for open repair in women
are between 1.2-fold and 1.5-fold worse than in men,with an absolute risk increase of between 1% and
2.5%.14,15 Single-center series suggest a 1.9-fold to 3.3-
fold increased 30-day mortality risk in women after
endovascular repair.13-16 Unpublished data from the Endo-
vascular vs Open Abdominal Aortic Aneurysm Repair
(EVAR) I trial also showed that women had an 1.8-fold
increase in 30-day mortality, although this narrowly failed
to achieve statistical signiﬁcance (P ¼ .061). The perioper-
ative risk assessment tool developed by Grant et al17 based
on a large series of AAA repairs from the United Kingdom
also shows twofold higher mortality for women undergo-
ing open and endovascular repair (Charles McCollum, per-
sonal communication).
The above data consider all patients undergoing open
or endovascular AAA repair, irrespective of aneurysm
size. Although some data indicate that patients with a
smaller AAA have better perioperative outcomes18 and
are more often suitable for EVAR,19 and therefore having
lower short-term risk, this has not been demonstrated for
women. Some indirect evidence exists from the four
small-aneurysm trials where mortality according to cate-
gories of AAA diameter <5.5 cm is reported. In these
studies, the observed mortality rates for patients (men
Fig 2. Best evidence available statistical simulation of short-term
and medium-term outcomes for aneurysm-related mortality or
rupture in women with a small (5.0-cm) abdominal aortic aneu-
rysm (AAA) based on best available evidence. Errors of estimates
are not shown, and aneurysm-related postoperative events and
mortality are not included in endovascular aneurysm repair
(EVAR) or open repair (OR) models due to lack of data.
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icantly different from those observed in other studies of
large AAA.1,14,20,21
GENDER-SPECIFIC SUITABILITY FOR
ELECTIVE ANEURYSM REPAIR
Increasingly, there is reluctance to offer elective repair
to patients considered at high risk of operative mortality.
The patient’s physiologic ﬁtness and the aortic anatomy
both need to be considered.
There is evidence to suggest that women are less likely
to be anatomically suitable for EVAR than men, indepen-
dent of AAA size.22 Case series demonstrate that the pro-
portion of women who undergo EVAR is lower than
men,23,24 and although this is only a proxy for anatomic
suitability, given the higher burden of cardiovascular and
pulmonary disease in women,25 it would be expected that
EVAR would be offered to a higher proportion of women
than men. Advances in endograft technology may enable
EVAR to be used in a greater proportion of women than
previously possible,26 and thus reduce overall short-term
surgical mortality, but there is no direct evidence of this ef-
fect at this point in time.
Cardiovascular and pulmonary comorbidities are more
prevalent in women than men with an AAA.27-29 This is
likely to inﬂuence both operative mortality and interven-
tion rates. For elective surgery, there is very limited evi-
dence that nonintervention rates may be higher in
women,30 partly due to poor physiologic ﬁtness in women.
For emergency surgery, there is a strong bias against offer-
ing repair to women.31
INTEGRATING THE EVIDENCE
The balance of current evidence shows that women
with a small AAA are usually older than men with a small
AAA and have an increase in rupture risk and operative
mortality risk after elective repair. A simulation of survivaloutcomes, based on the best available evidence at this
time, suggests that for women with 5.0-cm to 5.5-cm an-
eurysms (based on external aortic diameters), there is an
early survival gain associated with surveillance rather imme-
diate repair (Fig 2). Offering elective surgery to women
with an AAA between 5.0 cm and 5.5 cm in diameter
might result in short-term harm. Therefore, there is no cur-
rent evidence to support offering elective surgery to
women with a 5-cm external diameter AAA.
However, there is a clear need to integrate the available
evidence into a better decision-making model. The model-
ling will be complex and include the physiologic ﬁtness of
women with a small AAA, their anatomic suitability for
EVAR, and nonintervention rates for elective and emer-
gency aneurysm repair.
CONCLUSIONS
Any excess rupture risk in women (vs men) with a 5.0-
cm to 5.5-cm diameter AAA appears to be offset by an in-
crease in operative mortality, and therefore, there is no
convincing evidence or argument that women with 5-cm-
diameter aneurysms should be offered early elective repair.
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England and the USA. Lancet 2014;383:963-9.EDITORS’ COMMENTARYThomas L. Forbes, MD, and A. Ross Naylor, MBChB, MD, FRCS, Toronto, Ontario, Canada; and Leicester,
United KingdomThe evidence for reducing the diameter threshold for elective
intervention in asymptomatic women with an abdominal aortic
aneurysm (AAA) to 5.0 cm is: (1) women have signiﬁcantly nar-
rower aortas (compared with men), so that the diameter of an
AAA requiring intervention should be smaller; (2) comorbidities
(risks) increase with age, meaning it is better to intervene at an
earlier age (size) to reduce operative mortality; (3) if rupture oc-
curs, women face higher mortality rates than men; and (5) data
from randomized and nonrandomized studies suggest that AAAs
in women rupture at slightly smaller diameters than in men
(5.0 cm). Advocates for reducing the diameter threshold to
5 cm concede that women incur higher perioperative mortality
rates (compared with men), but that mortality rates after elective
open repair (OR) or endovascular aneurysm repair (EVAR) are
several magnitudes lower than the mortality associated with the
treatment of a ruptured AAA.
Advocates for leaving diameter thresholds unchanged argue
that although some of the points raised above have evidential sup-
port, there are important confounding issues relating to (1)
women being under-represented in the trials, which were never
powered to perform subgroup analyses regarding gender; (2)
data suggesting that women may be rupturing at slightly smaller
aortic diameters are statistically weak (small number of events in
a small number of patients) and might represent a type II statistical
error, and (3) even if women did rupture at slightly smaller aortic
diameters, any potential beneﬁt through early intervention would
be negated by the twofold excess mortality rate after elective
EVAR or OR.So which side wins? One (undiscussed) issue remains the his-
torical selection of 5.5 cm as the diameter threshold for intervening
in the ﬁrst place. The choice of 5.5 cm was not based on science
but upon the equipoise of those surgeons who were prepared to
randomize patients with 5-cm, 5.5-cm, or 6.0-cm AAAs. At the
time, the consensus was 5.5 cm, but this “one size ﬁts all” mea-
surement was never designed to deliver optimal diameter thresh-
olds for men as opposed to women. Moreover, because some
European and United States guidelines now tacitly support
“consideration” for elective interventions in women with 5.0-cm
to 5.5-cm AAAs, the vox populi interpretation is likely to be that
this is reasonable.
There are, however, important caveats for those surgeons and
interventionists who advocate elective interventions in female pa-
tients with 5.0-cm AAAs:
First, they need to be very clear about which diameter
measurement method they are using. Those measuring inner-to-
inner AAA diameter using ultrasound imaging will document
diameters 4 mm to 5 mm less than if the outer-to-outer measure-
ment method is used. If, however, computed tomography is used
to measure an outer-to-outer diameter, this will then be 4 mm to
5 mm greater than the corresponding ultrasound measurement
and up to 1 cm greater than any inner-to-inner ultrasound-derived
measurement.
Second, and at the very least, there should be no talk of “time
bombs” during the consent process, and female patients with 5-cm
AAAs under consideration for surgery need to be informed about
the underlying controversy. Put simply, there should be no rush
